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I.   INTRODUCTION 

In this study, we are concerned uita the determination and graphical 

presentation of a sell-consistent set pf blast wave properties tor a TNT exp'-<slve, 

These data can then be utilized to predict the characteristics of the resulting 

blast field .nvironment.  It 1* to b» noted that a similar study by Baker and 

1* 
Schuman  can t>* used to predict the blast environment generated by a Pcntollte 

explosive source. 

Th« following sections of this report will review the available sources 

of experimental u>ta on blasts from both TNT and PenColite in order to provide 

the reader with a comprehensive listing of «ut.li sources of data. The TNT data 

from a selected number of these references will be compared to the various 

theoretical predletlcn techniques that are available, in order to define the 

factor(s) necessary to effect agreement between the experimental data and the 

theoretically predicted magnitudes of these data. Finally, a series of graphs 

will be present«d that will provide a self-consistent set of air blast parameters 

far expletive deteneHn.» of TNT <n air. Where appropriate, methods of account- 

ing for ground reflection effect« *>vl conversion !roa TNT tn  Pentollte explosive 

will be discussed. 

The previous study conducted by Baker and Schuman resulted In a s'-tl»r 

set of air blast parameters for Pcntollte detonations. However, tlus study we« 

based on correlating the shock-front parameters, as compiled *>y Goodman from 

experimental data obtained from Pentollte detonations, with plota o. data behind 

the shock front obtained from the theoretical predictions of Brode (or TNT 

* Superscript numbers denote references in Section VII. 



üctonations.  Adjustments were rosde hy th<> authors at  reference 1 to account tor 

the  "ference in type of explosives, and to match the theoretical analyse* with 

the experimental data airing the shock front.  H«#ev*r, the theoretical TNT 

analyses could not he adjusted to exact coincidence vlth the Pcr.Lolite experi- 

mental results; furthermore, the snaiysss of flrode exhibiceu internal «"csr.ois- 

t»nci«» that could not be overcome. 

Tn this study, we will attempt to eliminate some of the Inconsistencies 

of reference 1 by comparing TNT experimental data with a theoretical prediction 

technique based on a TNT detonation. It Is to be noted that the theoretical 

analysis selected In this study does not suffer from Internal Inconsistencies 

3 
as does the data predicted by »rode . Moreover, this theoretical approach 

appears to be the best available at the present time I* that it provides jetter 

agreement with actual experimental data than does the theory advanced by Brode, 

The self-consistent set of blast parameters presented In this report 

have been generated for DASA under DASA Contract No. ÖA-49-146-VXZ-2S3. In 

addition, the theoretical computations war« performed by NOL using their 

"Wundy 75" Code. AAI wishes to acknowledge the k'r,u coop'ration of personnel 

of both of theje agencies during preparation of this repnrt. 
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II. AIR BUST DATA SOURCES 

In Part A of this section we will summarise Che contents of 

various references that provide experimental data defining the blast 

wave characteristics that result from detonations of both Pentolite an- 

TNT explosives. T,i« data obtained from a selected number of th« TNT 

references will be used In latter ««-tlons of this report to graphically 

formulate th« self-consistent aat ot blast wave properties for this 

explosive.. 

It Is to be noted that the data sources discussed In this section 

do not («present an exhaustive listing of all available references; 

however, these sources have been judiciously chosen to piuvlde a representative 

cross-section of the presently available, experimentally derived, Information. 

These data sources are referenced In Section VII of this report. 

Following the discussions of there data references, a compre- 

hensive chart that definaa the type of explosive, ambient conditions, the 

scaled dUtrfnce range covered by the collect»«* data, and the type of 

blast wave properties measure«? in each reference discussed in this «retIon, 

is presented. 

In Part B of this section, an evaluation of these data source 

references is given In terms of the applicability of the Information 

contained in these uüicoctt to the formuletlon of a self-consUcent 

set ot blast wav« pi i»«/««: ties. The conclusions drawn in this discussion 

will dictate the selection of dar« r<> \w  turd in li.e latter sections of 

this report. 



A.  Data Source Discussion 

The graphical airblast data presented by Baker and Schunun 

was developed primarily for use in predicting tree flow blast conditions 

on movlws airfoils. The shock front parameters presented in reference 1 

have been extracted Zrc- the compiled experimental Pentolltr data given 

by Goodman', whereas the deta for pararricfrs behind the shock front were 

obtained from the theoretical predictions of BroJe . Unfortunately, 

Brode's data could not be adjusted to provide exact agreement with the 

experimental data. Reference I reconmends the following simple conversion 

factors to account for variation In type of explosive and tor effect of 

ground reflection: 

l.l lb TNT »I lb 50/50 Pentolite* 

and     Ftee Air Weight of Pentolite »1.* '•entolite weight 
on the ground 

The compiled experimental data reported by Goodman • * based on tii- *w»ll*b!> 

air shock data tor the 1945-1960 period. A» noted in Table I, these data 

cover a range of scaled distances from 0.1373 (the charge surface) to 

1/3 I b6 ft'lb   .  (The range of blast parameters presented by Baker covers 

• scaled di.lance range from ? to 00 ft/lb  , since this was felt to 

be adequate for the airfoil vulnerability problem of primary interest in 

rhls reference). The Pentolite explosive density used by Goodman was 

* 50/50 rente!tr» • 50?. TOT and 50?. PKTN by wight 
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1.65 Km/tc. The side-on Impulse snd duration measurements are less 

satisfactory than ••*><• ne?.k pressure and reflected Impulse measurements. 

Goodman also develops analytic expressions for the side-on and reflected 

pressure, and the side-on and reflected impulse variations as functions 

of the scaled distinct' by a least squares polynominal fit to the compi W <l 

data. 

The data reported by Welbull are primarily measurements 

of the arrival times, shock front velocities, and positive pressure phase 

duration time» obtained from TNT explosions, over a range of ambient 

pressures from approximately 4 atm 1.0 a vacuum of a few na Hg. 

Incited <n this reference is a comparison of the shock arrival times 

obtained from different mixtures of TNT and Al (10%, 20", and 307. Al), 

1007. TNT, and PETN e .plosives. Welbull alto provides a set of formulae 

that may be uaed to reproduce the observed arrival and duration times 

with great precision. A comparison of the TNT arrival time data observed 

by Welbull with date compiled at Aberdeen Proving Ground«, Ballistic 

Research Laboratories for Pentolire explosive is given in the Appendices 

of this report. 

Doll and Salmon present data obtained from a carefully 

planned series of tests using 2300 lb of TNT as the explosive source. 

Unfortudr.rely, the response time (3ij cp«) of the recording galvanometer» 

appears to seriously limit the usefulness (and correctors*) of these data. 

When plotted on an overpressure-scaled distance diagram ..  'Uta of Doll 

and Salmon are in disagreement with similar data from other source:; tin. 

peak pressures are too low, indicating that the recording system cissi-l the 

true peak because of an rxce*«lv<>lv !o-*s rertiuasc tirae cl.441. in i.tu . 



As noted In the introductory paragraphs of the report by 

Fisher and Pitr.man , the primary intent of this work was to demonstrate 

the difficulty of detonating small charges of TNT and to describe a 

number of ways of recognizing poor TNT detonation processes. Tt  «ddilion, 

Lou report indicates that placing the booster half in and half out of the 

surface of a one-pound cast TNT cha.te. In contrast to central initiation, 

results in a detonation that produces the accepted peak air blast pressure 

and impulse magnitudes. 

Although the major emphasis of the data reported by Baker 

et al was to demonstrate the effect of fog and rain on the air blast 

characteristics from 1000 lb Pentollte charges, there were several recorded 

test events accomplished during clear weather. The 1 c^roduclbillty of 

these data Is quite good; from a series of eight tests, with three gages 

at each radial location, the standard deviations of rh» peak overpressures 

vary from 0.08 to 0.55 pal. for a range of overpressure of 1.22 to 11.03 

psl. A significant result of this test series is that the ground reflection 

factor:, computed from a comparison of these data with the free air data 

2 
of Goodman cover a ranne of 1.88 to 2.34 for increasing scaled distance. 

Ovblously, for a detonation very close to the ground, a reflection factor 

greater lluui 2.0 Is impossible, since values equal to 2.0 imply peifi-ct 

2 
reflection,.* These results indicate that Goodman's data Is probably in 

error for the largei scaled distance ranges, since the data coUerreH hy 

Baker in this report !«, as noted above, almost free irom exp^rfm-nr^l 

inaccuracies. 

* For detonation» alx.ve ihe ground wher«- the scaled height is aa appreciable 

tractiun o£  the scaled Jisl.mi.i-, rrfleetüi' •. ■■* '.'. U U nrs ereatir rM*> ?,0 

can be realized. 

b 
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Reference 8 contains chares and graphs shoving the effects 

of explosions a» functions of such variables as charge weight and composition, 

type of weapon, distance from detonation, etc. The. data sheet* contained 

in this report are designed for us« in prediction of the various character- 

istic* associate with detonation of explosive charges. As such, this 

report is not a data reference report, but has been included in this 

discussion because of the unique manner in which the prediction chart« 

Are designed. 

The data of Hoffman and Mills9 presents measurement» taken 

frost detonation of SO/JO Pentollte spheres of 1/2 - e lb in weight. The 

slds-on and reflected overpressure data and impulse and duration tie« 

mtaaurements given in this report have been incorporated in the compiled 

data report by Goodman . 

The reflected impulse measurements reported by Olson  were 

generated from detonation of 1 lb Pentollte sphere* under reduced ambient. 

pressures simulating altitudes up to 100,000 feet. Analysis of these 

cat« indicates that the impulse magnitudes »vale according to Sachs' Lavs» 

as dUcussed by Sachs * and Dewey and Sperraasa , although this is to be 

viewed with caution, as noted by Olson. Till* is primarily due to the 

fact that one of the l... Ait measurements, when scaled according to 

Sachs* law fails ins Ife the charge surface (Z - .1)23 ft/lb1 ). The 

measurements taken by Dewey and Sperraasa , and subsequent discussion of 

the scaling procedures verity the basic assumption* applied by Sachs in 

formulating the scaling laws, (gee Part A of the Appendix section »f this 

report for a brief discussion of the relevant »last wave parameters formulated 

•* in tec*- •'.  tu« Sachs' scaling relationships). 

I 



The et. tpilatlon uf birst data presented by Moulton 

inc or t"--'<":•*» both HE (TNT and Pentollte) and nuclear blast phenomena. 

The HE data presented In this reference have been extracted from various 

4 
sources; *:he data of Weibull Is used to Illustrate over press«* functions; 

Fisher's and Pittmap.1 s results have been used to illustrate the impulse 

functions resulting from detonation of TNT charges, and the data of 

Granstrom   has been used to illustrate shock duration time parameters and 

characteristics of the negative pressure region. This extensive, three 

volume report is, at the present time, undergoing revision and updating. 

The report by Groves  describes a technique of determining 

i 
J. 
I 
f 
I 
I 
! 

1 
1 
1 
I 

the blast Induced overpressure* from distance-tint observations of the 

motion of the shock front. Included with the overpressure data of this 

report Is an estimate of the percent error of the various measurements. 

Over a rang« of peak overpressures from approximately 3 psi to ISO psl, 

the percent error associated with Uii» set of measurements is less than 37.. 

The report by Oewey  describes a methoi uf determining the        1 

particle velocities associated with a bla*t event that employs high speed 

photography of «moke trails formed close to the charge just bef™*-» 

detonation. The displacement with time of the smoke nail- ran be measured 

fro« the film record and the velocity of the.mukr calculated. Analysis 

of these results gives the particle velocity-time history. The two 5 ton 

TNT denotations used in these tests were also analysed to provide reflection 

I 
I 

1 
i 

r"m 
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7 
factors  of 1.70 and 1.88. However, the tame teat data m»  analyzed by 

Groves  Indicates reflection coefficients of 1.76 aiiJ 1.60 respectively. 

i 
! 

Unfortuantely, these two references do not clearly describe the data 

I reduction techniques used to achieve the quoted reflection coefficient 

magnitudes, hence, no judgement can be «>**'■  ' -gardin,* the correctness of 

I either report. Groves compares the measured TK«. data .,'ith e>» theoretical 

, predictions of Brode in terms of reflection coefficient»., .»ith the result 
i 

that Brode'• overpressure predictions appear low for large scaled distances. 

A similar conclusion is reached by Baker when comparing the Pentollte 

2 3 
data of Goodman with eh« theoretical predictions of Brode . 

The 100 eon INT detonation ease discussed in reference 10 

Involved eh« us« of a hemispherical charg« placed on the ground surface 

and was designed to provide measurements of surface and sub-surface blase 

phenomena and to study effects of blast on various targets and la tunnels 

and underground chambers. The 20 con TNT detonation e«at resu4t* presented 

In reference 19 were designed to resolve small, but consistent discrepancies 

that appeared in previous tests and data collection programs. Complete 

discussions of the various types of instrumentation used lo given in addition 

M tabular and graphical forms of data presentation. The summary report 

by Dewey  it. not very useful, since this reference was merely oculgned 

for presentation at a technical meeting. However, this report Indicates 

that peak air velocities determined by the smoke trail technique for B m  100 lb 

spherical charges of TNT agree quite well with the predicted, or expected 

velocities. The duration of the positive pressure phase is greater than 



expected (<•—nared to Brode's theoretical analyses). Ihe discussion of 

a ß ray a..  ,>tion technique used to determine the time history -f the 

air density In th* blast field <s perhaps the most Interesting part of 

this reference. 

Although the report of Shear and Wright21 is primarily 

theoretical in approach, it does present experimental-theoretical correlation 

data (for peak overpressure) based on the experimental data of GoocVaan2, 

Fisher and Plttman . and reference 19. The two reports by Rudlin22,23 

contain discussion» of the basic physics of the explosive process during 

the early stages of the detonation wave and subsequent airshock phase. 

The photographic data obtained for the very early times in the detonation 

process Is intended to represent the first in a series of efforts to gain 

knowledge of the basic physical characteristics of the detonation-shock 

wave formation process. The primary objective of the experiments was to 

examine the validity of Sachs' scaling procedures under the assumption that 

the airshock Is Independent of the explosive details. The density of the 

TNT charges was varied from a density of 1.01 gm/cc (loose powder) to 

1.625 gm/cc (cast TNT) with the result chat, at least, 'he airshock pressures 

were independent of charge density and dependent only on the energy >eleaaed 

24 
by the detonation. Klngery  tu: prepared a report that is primarily in- 

tended to cover the administrative and gross techni al information for the 

forthcoming "Operation Snowball". However, this report does include tabular 

and graphical data of predicted overpressure, impulse, positive duration. 

arrival time, and dynamic pressure versus distance for 500 Ion TNT surface 

detonation, as extracted from Hi* data >f reureruiü tS and !9. 

Hi 
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25 
Th« report Hy Fisher  presents overpressure «ltd iaeulse 

«•«•ureratnt« fro« detonation* of tart spherical east TOT charges 6.5 Inches 

In dianwttr weighing approximately 7.85 lb. Th««« measurements »re vompared, 

with excellent agreement, to th* experimental peak pressure-distaac« 

2e 
measurements by Stoner and Bleakney  and with th« theoretical pressure* 

J distance curve far cast TNt generated by Klrkwood and Brinkley . Sine« 

th* data of Stoner and Bleakney vat obtained fro« ««notation of rartolite 

- eharg«*. th« comparison made by Fishes la thi* roport involve*- th« computation 

j of the magnitude of the factor required to convert fro« a TNT to Fcntellte 

baa«. For scaled distances ranging fro« 4.5 to 11, fisher finds that the 

I Height of a TNT charge required to produce the saae overpressure at the 

sane acalad distance aa ganaratad by a Fantollte charge varies fro« 1.09 
j I 

te 1.25. Aa noted previously, latter recoanwads a magnitude of 1.1 far 

I this conversion factor, la addition, risher comparts the peak overpraaaur« 

computed fro« knowledge of the ebovk velocity using the kaaklne-Mugonlot 

' captation for ideal gases* with the «eaaurad peak ovarprassures, again with 

reasonably good agreeaeat. 
i 
i 

* SM Fart 1 of th« Append in sretioc ->1.  this report for a summary 

discussion of the kanktna-lhigonlot relationship«. 

11 



1 

R«f«r«nc« 28 discuss«« in several sections the method« employed to tl 

determine various blast wave paramt..   a fro« a 100 loa INI detonat>on In August f| 

1961 at tht Sum« Id KxperlmtnUl Station blast testing sits.    Unfortunately, no 

resultant data art given In this report.    Heutvar, tho report by Kingory, at ai « 

presants overpressure, Impuls«, duration, arrival turn, and dynamic prassur« data 

«aasurad during th« «am* tast.   These data ara compared to predicted curves 

tilth very good agreement,    line« no ground reflection factors ara glvan in this ~% 

report, the reported data can not be us*d to provide a set of "free-air" blast 

parameter«.    However, one« such a s«t of free-air data 1« determined froa other ,| 

•ourc««, th« data reported by Kingory «t al can than be <w«d to detenilne the 

ground reflection coefflclent(s) applicable, at least, ever the range of scaled .1 

distances 0.47 S Z&M.t ft/lb l/3) and type of terrain covered in thla 100 

ton detonation. 

The data to be presented by iuetenlk and Lewis     in a forthcoming 

publication Mas collected during a series of tests designed to evaluate the 

«ff«ct« of a blast «nvironmtnt on moving airfoils.    Th» results of eh««« t««t« 

were obtained irom a set of carefully calibrated, fast racoons« «assuring and 

data recording Instrumentation.    A scaled distance range of S-lsi. t.», was 

covered by thla series of eight data collection runs.    Overpressure, deration, 

and arrival time «ere obtained from these tests, In addition to data concerning 

the response of the test aeries of airfoils. 

1 

12 
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31 Tht report by Fisher  is presented here primarily Co Incorporate the 

reflection coefficient data presented in reference 31 in this study. Fisher's 

results Indicate that the measured, average reflection coefficients varied from 

1.13 for a hard clay surface, to 1.99 for a perfect reflector simulated by the 

'ntersectlon of shock fronts from two Identical «pherical charges fUeo simul- 

taneously. The tabulated results ir. reference 31 are presented as functions 

of the scaled height of the chnrge above the grot "d. The overpressure, tmpuU;. 

I and duration data given in reference 32 are presented for a scaled distance 

rente between approximately 1.3 ft/lb1'5 to 32 ft/lb1 . Unfortunately, the 

ambient pressure and temperature are not given in this reference. As noted 

previously, without these ambient conditions the data can not be applied to the 

evaluation program dlacussed in this report. 

13 
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Tht following table ausnariset U<« Information am} hl&at va*e 

paraaeter data to bt found In tht data reference sources that have beam 

dlacuased in tht« atetien. A definition of the ayabola «taad In thta table 

follows the -able. 
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B.    Evaluation of AvailabU Data Sou.ces 

1.    mineral Comments 

In general   any reference    thai pcuviäes information on the 

blest parameters attocUted with the detonation of an explosive charge, aa 

exemplifso by the data aources discussed In Part A of thta teetIon, doea not 

provide cnwplete data unit«« the ambient pressure ai>d temperature (or equivalent 

ambient aound apecd) conditions  inder which the data was collected are specified. 

Without knowledge of the«* ambient conditions the scaled blaat parameter 

relationships, summarised in Part A of the Appendix aectlon of '•.his report, can 

not be computed.    Direct comparison of the blast data from various sources can 

not be accomplished without firat reducing all data to a consistent set of 

environmental conditions, as provided by the Sachs' scaling relationship».    Hence» 

of all the data sources discussed in Part A of this section, only those that 

define the «»»oitud« of theae ambient conditions will prw* w«-i in the later 

sections of this report. 

In addition, many of the data sources consulted during 

preparation of this report do not report "free-air" blast parameter data; i.e.. 

theae reference* provide data that Incorporate* an unknown (eince it la unreported) 

ground reflection coefficient.   Such data are not .»dequate for use in defining a 

consistent set of free-sir blaat parameter data; however, they are uaeful in 

establishing the msgnltudea of the «round reflection coefficients once ehe 

free-air blast character1stlea have been defined from other sources that provide 

direct, tree-air data.    Of those data source* that p.ovlde free-air blaat 

characteristics. It haa b*en noted that the majnrity »f the experimental over- 

pressure end shock arrival time data extracted from the various source reference* 

X 
1 
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tend to agree with one another quite well. Unfortunately, this la not the cast 

vlth reapect to poaltlve phase duration time data. (The data of Ruetenik and 

Lewis  la probably the beat aource of Internally consistent duration time data, 

at least over the scaled distance rang« from Z - 5 ft/lb   to 2 - IS ft/lb  ). 

Positive phase dm.elon time data Is the critical information n**dcd i-o generate 

a set of self-conalstent blaat characteristics, since the resultant character of 

the particle velocity and deneity time-histories will be dependent, Co a larga 

extent, upon the correlation between the theoretically computed and experimentally 

measured overpressure time history characteristics. 

Finally, since a self-consistent sat of blast parameters 

resulting from Pentollte detonations has been presented by Baker and Schumann , 

the primary emphasis of this report has been directed toward providing a similar 

set of parameters for TUT detonations. Hence, the remainder of this section «111 

be limited to a specific «valuation of the TUT data aourcea summarised in Tebl« 

T, Part A of this section. 

19 



2. Evaluation of Specific Data Sources for TNT Detonations 

The experimental data reported by Welbull has been used in 

the latter sections of this report to provide a segment of the experimentally 

detersised blast fiel^ parameters. It is to be noted that the Ranklne-Hugonlot 

33* 
condition« and the data of Shear and Day   were applied to Weibull's reported 

data in order to determine Che magnitudes of the shock front overprusura functions. 

As previously noted, the overpressure data reported by Doll 

and Salmon d)*s not agree with other overpressure data. This is probably due 

to the limiting response-time characteristics of Che measuring Instrumentation 

employed in reference S. The data presented In reference 6 is also applied in 

Uii» study, since It is in reasonable agre«m#ne with other similar data. It 

la to be noted that an ambient pressure of 14.7 pel was assumed for purposes of 

scaling these data. 

Although rh* data sheets presented in reference 8 do net 

illustrate actual experimental data points, the curves drawn In this reference 

were used In the preliminary stages of plotting rh* final curve" given in this 

report. This was done merely to insure that the genera) trend of the experimental 

data, and of the theoretical calculations, did not deviate by large orders of 

magnitude from the predictions given In reference 8. 

The various curves presented in reference 13 are, as noted 

previoualy, based on the experimental data reported by Welbull and Fisher and 

Plttman . Hence, Implicit use of the data contained in reference 13 ha* »ten 

* The RankliwHugoniot conditions are valid only if < >•«* strength of the shock 
la not sufficient to Induce dissociation. Above overpressures of «i>t>i.>*tisate- 
ly 4.5 atmosphere*, the data of reference 33 which accounta for dissociation 
effects should be used. 

20 
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14 
accomplished In t'-is study. In addition, the duration data of Granstrom 

Illustrated in reference 13 haa alao been applied In this atudy. 

The data reported by Crovea , and amplified it, reference 17 

has also been found to oe applicable in this atudy. However, the same duration 

data reported by Dewey  appear too high by approximately a factor of tvs. in 

addition, the ground reflection coefficients in reference 16 do not agree with 

those of reference IS (or equlvalently, reference 17). The data reported in 

reference 18 la not applicable to the study discussed In this report. The data 

given in reference 19 Is for a ground burat detonation. Unfortuutely, no ground 

reflection coefficients are defined in reference 19; hence, these data can nor 

be used to define the free-air characteristics of a TNT detonation. However, 

once the experimental overpressure-scaled distance relationship had been established 

fro* the data of referencea 6, 17, and 25, reflection coefficients were confuted 

to effect agreement between the plotted data and that of reference 19. The 

duration and arrival time data "' reference 19 were then modified by these 

reflection factora and applied to the appropriate "free-air" tine-scaled distance 

plots in order to more completely define these blaat paranetera. 

Aa noted previously, the limited data given by Dewey  1« not 

in a form that lends Itaelf to appllcat'on to the manner of presenting the data 

given In thla report. The data illustrated by Shear and Wright  haa been 

obtained from references 6 and 19, and haa therefore formed a part of the data 

used in this atudy. 

The data presented by RudiIn *  is outside the region of 

Interest in this atudy (reference 22) and can not be satisfactorily extracted 

21 



irom reference 2'i  because ot iiiteipulation difficulties Chat »rite  <tuj to the 

24 
manner in which the dat« are reported. The curves Illustrated by Kingery 

are nut applicable to determination of the free-ait blast environment, alnct no 

ground reticction coefficient« are defined in this reference. Ih« overpressure 

25 
data reported by Kisliei  is applicable to this study ••■ 1 has been use«*.  The 

dar* given In reference 29 is for a ground burst and does not present ground 

reflection coefficient magnitude». These data were used, however, In the same 

30 
manner as pievlously discussed for reference 19. The data of Ruetenik and Lewis 

are accompanied by reflection coefficient magnitudes and are therefore directly 

applicable to establishing the free-air blast characteristics of a TNT detonation . 

The overpressure duration time data established in reference 30 do not exhibit 

as much scatter as do other duration data obtained from other sources.  Unfortun- 

ately, the data of reference 30 only span a scaled distance ringe from approxi- 

mately 5 to 15 ft/lb  ; hence, the theoretical-experimental comparisons evalu- 

ated in this report must rely on less reliable duration data outside the scaled 

distance raner covered in reference 30. 

* 
Tin-  two Pint.ill tt- Jti.t.t.U tons  included   In  t i.» -.   »Uta agree  quite well  with 
the curves presrnted  in Reference   I. 

I 
X 
I 
i 
I 
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111. AIR BUST PROPERTIES INFERRED FROM THEORY 

We will discuss In this section the technique* employed by 

various investigators for analytical prediction of blast waves trcti  con- 

ventional explosives.  Because little work of this nature was published 

during tht decade 19'i?-1957, we will first briefly consider the theoretical 

work accomplished prior tn this time. We will next consider more recent 

(and Bare complete) predictions in some detail. 

A.  Theory Prior to 194/ 

Before World War II, essentially no theoretical prediction* 

had been made of the characteristics of blast waves generated by any type 

of explosive source. Because of the need for sue!« predictions during 

the war, intensive research was carried nut in bl«st theory for hnth con- 

ventional and nuclear weapons, In more or I*«« parallel effort*. The 

results of the early calculations for blast from nuclear weapons (the so-called 

Los Alamos "M Pr«blen") are summarised by Fuchs in reference 34. Since these 

result« <*•> »lot strictly apply to the subject of this report, we merely mention 

then here for sake of couple*.-nr«*. Tin- »niority of the early theoretical 

predictions of air blast irow conventional explosives were made by Klrkwood 

and Brlukley. in research conducted under sponsorship of the National 

defense Research Council (NMC). Their wort» is reported in a number nf 

NDRC monthly progress reports, and in several summary reports '  *   , 

Haxinc  has summarised the Klrkwood-Krinkley theory, and compared it with 

such experimental data as existed at the time of his report (1951). 

27. 



From the KirkwiKMi-Brink ley theory, one can obtain predictions cr peaK 

overpressure, pe-sitiv Wmlse, aud positive chase duration ior tree-lir 

hursts at sea level of spherical Pentolite and TNT, from the surface of the 

1/3 
explosive cheat;? out t>> sealed distances of «lightly less than 30 ft/lb  . 

>' predictions can be mad? of time histories of various blast parameters, 

at either fixed or moving points in space. 

24 
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P        fli»r<in|-   Cnnmiif»f (on« 

I. Brodt-s Theoretical Analyses 

Brode ' ' ' *  has developed a numerical technique for the 

solution of the flow parameters behind shocks which Is applicable to a 

number of different cases. In general, the technique Involves the use of 

Ranklne-Hugonlot condition» In a numerical integration of finite difference 

equations. The difference equations are solved step by step «.id, in the 

limit of IrfinUeslmal differences, converge to the exact differential 

equations of hydrodynamlc flow In lagranglan form. To avoid the difficulties 

which arise from the dlscontlnultUs In the flow parameters when traversing 

a shock, Brode employes the artificial viscosity technique developed by von 

42 
Neumann ar<4 Rlchtmeyer . The computational method can be applied to any 

problem Involving the spherical flow of gasses behind a shock wave If one 

can formulate the equation of state for the gaasea Involved, and can determine 

the total blaat energy released on Initiation of the ahock. 

A detailed discussion of the problems Brode has solved 

■■»in* Um auuv« tvitiitique is presented below. 

a. Point Source Explosion in a- Iv'sal Cit  (y  » !_,&> 

A point «ource explosion la one produced by the 

Instantaneous release of energy from an infinitely small, concentrated 

«o.irce. It differs from the blast generated by th detonation of an explosive 

charge In that i» high temperature, high pressure gaaea are generated, and 

the flow consists only of the propagation of a spherical sh> ck wave into 

25 



Liu- sun:..'ending medium. Ilrudt- hau calculated this probier., cut to a shock *? 

overpressure of U.i atmosphere for an ideal gas with / * I.A. Hie result» ,, 

presented are pea^ overpressure, peak dynamic pressure and peak particle "* 

velocity as functions of sho<-k radius; total pressure, particle velocity, "f 
a 

and density as functions of lagraniar. distance; overpressure, particle 

] .elocily, density and compression in units of their peak values as functions 

of Kulerian distance; duration of positive phases for pressure and particle 
i 

velocity and positive and negative impulse as functions of Eulerian distance,        -* 

and peak dynamic pressure as a function ot tin»* in units of positive duration        "*■ 

of velocity. Hie significant feature »t these results is their departure 

43 | 
from the Taylor strong shock curves     at overpressures below 20 atmospheres.      I 

39 
b. Point Source Explosion in a Real C;:s 

The solution to this problem is the same as that 

for the ideal gas case except that the calculator employs the elation of 

state for a real gas (air). Computed value» of I In- flow parameters are pre- 

sented In the sams format as h^fore. Here the peak overpressure-distance 

curve lies below the same curve for the ideal gas case for shock pressures 

over 10 atmospheres. Thereafter rhe Wal gas assumption is reasonably valid. 

40 
c. Blast »row an Isothermal fas Sphere 

The gas dynamics arising from the sudden rele.se of 

an initially static, high pressure, isothermal gas sphere are tundamentally 

different from those for a point source, i'owever, the general computational 

method described before Is also applicable in this cane, »rode has carried 

i 

I 
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out ihf touiHi'taLioii« fur an ideal gas at three <ii itw««t initial comii ti.ms 

mid cuinp. red Lite results with the point source solution. Two sphere» wer« 

initially at 2000 and 121 atmospheres and high temperature (norm*1 density) 

while the third, at 121 atmospheres Initial presture, had equal Internal and 

external temperatures (high Initial density).  In r.h's case the l*»dlng 

•hock is strengthened as much as 20 percent after a period of rime due to 

the effect of a second shock which overtakes the main shock. At increasing 

distances from the origin, the blast wave from an Isothermal gas sphere 

begins to converge to the point source wave and ehe two will coincide 

(within 10 percent) after the eherk wave has pasaed through a mask of gas 10 

times aa large as the initial mass tn the sphere. ?rlor to thli the shock 

strength Is less than that of a point source ahock. 

A.    Blast from a Spherical Charge of TNT 

In this case the numerical calculation usea the 

44 
equation of state for TNT given by Jones and Miller,  and an equation of 

xtatr for air determined by ftrrt'te, *  curve tn th<> rnmputed data of Clllmnre, 

'»ft 
and Milnrnrath and Becket.   Initial conditions for the problem are the 

47 
detonation front cond11iUM, a* calculated by C. 1. Taylor,  at th* In- 

stant the front reaches the surface of a bare üpHerlcal charge of TNT 

having a loading density uf 1,5 »M/CC. The air outside the blast troit is 

taken to be at standard sea level con»! it ion». 

45 
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The result? nf the computations yield vaiics fur the corunon 

blast ua e parameters both at the shock front and in the region behind the shock, 

extending back into the negative pressure phase. These resui 'a  are presented 

graphically, and for peak overpressure versus distance they are conm&red with 

the theoretic-i results from Brodes earlier works to*  s point source explosion 

Ir. air and in an ideal gas of ? » 1.4, and with Cranstrbre's  empirical curve \ 

: i 

D 
for TNT at 1.52 gm/cc loading density. 

It is specifically noted that the calculated results are 

valid only for bare spherical TNT of 1.5 gn/cc loading density detonated in a *] 

standard .tea  level atmosphere,  and cannot be scaled to other atmospheric condi- 

tion« without a simultaneous and proportional change in the charge  loading density j 

and detonation wave conditions.     In addition,  the results seem to  lack internal 

consistency as evidenced by valt.es of the   <ame parameter that differ by more                          .1 

than 10% when read from different curves.    S'nce the p/.per doea not repo-t                            ', 

results  in tabular  form,   but only by wan« ot  graphs,   it  is  not possible  Co 

dctfi-aine whether  this  inconsistency  is   Inner«»'   I»  '•<«.'  i-*lmlatimw,  or  is duo 

to_ careless plotting. 

e.    Spherical Shock Tub« blasts       ' 

The numerical calculations are carried out for the explosion, 

in air, of glass filled spheres ot air and helium at hign pressure and d.-nsity 

(ambient temperature).    The computation* and result» ore analogoua to those of 

the isothermal  sphere problem,  but  for real  gasses, and are more characteristic 

of a high explosive blast than an ideal  ist>th>-ri>kil gas .> -Iiere. 

28 
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2. Computation» of Mtfklno and Shear 

49 Maklno and Shear    h»va developed a computational technique to 

determine free air bias»', parameters behind the shock front baaed on known shock 

front parameters,    the method Involves the replacement of the hydrodynamlc flow 

equations for the spherical  flow of a non-conductive, non-viscous compressible 

fluid by a system of Umiacterletlc aquations.    The characteristic equations 

are written In finite difference form, using first differences only, and are 

then aolved numerically.    The Initial conditions for the computation art the 

free air shock front parameters for »pherfpal SO/SO Pev.Solll« derived from 

Goodman's' fitted experimental curve and the Hugonlot equations.    For scaled 

distances greater than Z • 19.•■ the Klrkwood-Brinkley     asymptotic solution 

is used. 

The authors have limited their computations to the flow region 

bounded by the shock front and the air-explosion gas Interlace, d»» to unccrtan- 

tles about th» aquation of state for the explosion gases. For scaled distances 

greater than Zfe 2.04, the computations are only carried back to a given charac- 

teristic curve due to computer llmilalion». 

Tlv results are presented In tabular form for the rbnge of 

scaled dlatances 0.U2J4Z« i).t and in graphical form for 0.1)23izl 1085. 

However, lite authors feel that the calculated results based on the Klrkwoo«!- 

Brlnkley asymptotic expansion are questionable, attributing the error to inherent 

deficiencies In the asymptotic formula 

3, Naval Ordnance Laboratory Computations 

The Air-Ground Explosions Division of the U. S. Naval Ordnance 

Laboratory has recently developed a computational technique to calculate all the 

29 



blast wave para«ters tor 1 lb of TNT detonated In free air at sea level 

conditions, j : 

Tli.' most Important wu approach in this technique is the it** 

21  '[ 
of the Landau-Stanyukovitch «.•qtiatlon of state Cur the detonation product« of TNT. 

This punation yielils the correct Chapman-Jouguet conditions and also tend« to an 

Ideal g»s with -  1.24 as  tin» de.isity dt»c :•>»»•..•.•>. ror the region outside the 

ton« containing the explosion gase*, the program uses an appropriate equation of      H 

»tat*» for real air, based on the work of Hilaenrath. 

The program solves the one dimensional ..ydrodynamic equations 

ot spherically symmetric flow using standard fin.'te difference technique*,  (Options   j 

*r# alt»» Included for problems involving plane and cylindrical symmetry.) Shocks 

ara handled by the artificial viscosity method. I 

Th« calculations are farri.l out over the region »xt«n,Mng 

fro« the l*aiiis»s «hock w*ve back to the charge tenter. Tttls region is divided       -■ 

Into 300 «ones which may be further divided ».«on* at »any a* 30 different r«-*iui*a     "• 

or materials. A variable. Internally calculated .ins? step it alto included. 

In order to reduce ruamttlng ti-- . th« program includes lour type* of rersning.       <| 

The output subroutine prints tables of total preaaure, 

specific voluste. particle velocity, temperature, etc,, versus distance at fixed      ,i 

times. Units are In the cgs ayateet with pressure In negolar*. The output can       *j 
i 

itlso be presented graphically if desired. 

The subsequent sections of thi« study t.lli uae this eompuxa- , 

tiiMval technique as the theoretical basis for tit«- i...|Mrison between theoretical 
* i 

predictions and experimental  «*asur<?at>nts  of  th.   h! J   i   >. iraawters  fro»»  free air ; 

detona'.iitns of TNT. 
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IV. COMPARISONS OF EXPEHlMENt AND THEORY 

A. Shock Front Parameters 

The free «IT blast shock front pt'iMtiri computed by the MOL 

"Wundy 7SH Code de.ttlbcd In Section III.8.3. were compered with compiled 

experimental dee« extracted from the various sources dUctiesed in SerricM it.A      I 

■no H.H. A detailed discussion of the sresults of thla compariton, and the g 
I 

correction factore applied to make the computed valuee fit the experimental j 

data, li prevented in the following paragraphs. 1 
i 

Since the artificial viscosity method used In eh« theoretical        | 

calculation of the thock front paramatere «.«-ds to obeeure tie true poeltlon        t 
i 

nef the shock front, tt «as etturned that the Initantaneoua time-space poeltlon t 
1 

of the shock fron», coincided with the peak tabular value of overpressure given % 

|j In the computer prlnt-oue »heats (see Figure 1).   The shock arrival time deter* 

m-e,-.^--m.m--m----—..*W      L 
11       paper. gxne'tmentally determined valuee of the arrival time weie next plotted       \  1 

en the tame sheet in order to determine how well the theoretically predicted 

values fit the experimental data. The reaults show that the theory is in 

It        excellent egreement with experiment when predicting shock arrival time, end no 

further correction la required. 

U Thla same correiatlan technique wet then applied to fw other 

f|        eheck front parameter« (■; a , •jp and -* ). In general, the theoretically 

predicted magnitude» of these parameter« were significantly lower than experimen- 

tal valuee at the »«me acaled dUtauce*. requiring the application of additional 

correction factor« la order to bring the theory into agreement with «xreHmeme. 

11 



Thi' necessary correction tactors fur each parameter were determined by computing 

the e.-qu'iriineiital tu theoretical ratio for that parameter at discrete points 

ove" the range ot scaled distance» involved. 

i    ,     A? **P  I Mir example:     C.    • *-* s       I 
£»V*   fap    theor. I i 

In general, the correction factor« determined by thi* approach were •ssaui.l.ally 

constant over rather large ranges of scaled distance. The values determined 

Tot tue kun-sCtior. factors to be applied to rh« various shock front parameters 

are given In Table II. 

Table il 

Blast Wave Parameter Correction Factor» 

Parameter C      Scaled distance where applicable 

1 Z 2 1 

1.20 Z »1 *. 

0.916 Z«l 

ug 1.078 1« Z S>.l 

1.165 5.1 «2 

1.0«9 Z « 5 

1   1.14« ^-Z 

It should he  noted that the 3<»-called evperiiwntal values of peek 

particle velocity and peak density were calculated from the experimental data 

for peak overpressure using the tables Riven hy «hear .»«d Wright    The «hack 

velocity, which «M« nor ralmlatrd hy thf IHM. code, was determined fro« tit« 

corrected peak overpressure using the name labii-.. 

)2 
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Figure 1 

OVERPRESSURE CURRECHON TECHNIQUE 
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Figure 2 

TIME CORRECTION TECHNIQUE 
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B. Time Histories of Hlast Paraaetsrs 

The only experimental data available Chat will provide a comparison 

uich theoretically cd»j.uted time hutorlaa of th« various blast p«fiwtm Is 

tht time duration of positive overpressure. This comparison was accomplished In 

a manner analogous to that used in part A of this section. The r««ults showed 

that, If the theoretically predicted duration of positive phase,at a give« 

scaled distance, was determined as the time from the start of rise in pressure 

ahead of the shock to the time the preasura again returned to the ambient 

condition, the theory and experiment were in satisfactory agreement for scaled 

distances lasa than 11.5 ft/lb  . At larger scaled distances, this method 

tended to ever estimate the duration of positive overpressure, requiring the 

application of an additional correction factor to the start of rise time. 

The corrected time histories of overpressure ware than obtained 

in the following manner: It was assumed that the correction factors determined 

in part A of this section also applied to overpressures behind the shook front. 

In order to plot Unas of constant overpressure (corrected for pressure only) 

on a 1-t plot, the desired value of overpressure was divided by the appropriate 

correction factor, yielding the corresponding uncorrecced value to be found in 

Che computer output sheets. This is schematically shown in Figure 1. The 

I and t values cot responding to given values of overpressure were Che« used to 

generate the lines of pressure-corrected consCant overpressure on a l-t plot. 

In addition, lines representing the first shock and start of rise of pressure 

ware pieced on the same plat. Corrected tin» histories of overpressure were 

than obtained by graphically shifting the sCart of rlae curve in the I diiectloa 

35 
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to coincide with the first shock curve, and then shifting all curves behind the 

first shod th" same amount in Z as the start of rim» rnrv*. 

The corrected time histories of particle velocity (u/ ) and density 
o 

ratio (A/ ) were then obtained in ihe same manner. 
o 
C. Ground Reflection Factors 

The following table list» (.tie reflection factor(s) either given 

in, or computed from the data of the specified reference. These ground reflec- 

tion factors are the coefficients used to compute the effective free-air chare.- 

weight; i.e., the weight of charge required in the absence of a (ground) reflect- 

ing surface to generate a blast wave strength (overpressure) equivalent to that 

produced by a charge in the presence of a reflecting surface. 

Table III 

Ground Re flection Ftfctur* 

Reference Type of Surf«** Reflection Facroi 

1   1.80 

17   1.60 -  1.76 

19   1.69 

29   1.59 

31 hard clay 1.85 

•• perfect re Hector 1.99 

M water 1.91 

It is to be noted that only reference 31 rlparly specifies the 

magnitude of the reflection coefficient as a function of the type of ground 

30 
reflection surface. The data of Kuetenik  alsu pre*e»t>> reflection factor«. 

however, the magnitudes of the»« factors indicate that a modified definition of 

this coefficient has been used in this reference». 
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D. TNT-Pentollt* Conversion Factors 

TuM* IV Hit« TSX Co Pentolite conversion (actor* extracted froa 

the sources cited In the first column. These conversion (actor« art sitsply the 

weight of TNT necessary to obtain the earn» overpressure, at a given distance, ae 

obtained fron the detonation of 1 lb of Pentolite. 

Table IV 

itu-irentoilto Conversion Factora 

Reference 5 (*«/»•»") Conversion factor 

1 ... I* 

23 4.5 1.09. 

M S.O 1.13 

H 4.0 i.ll 

H 7.0 1.2a 

H 9.0 i.ti 
H 11.0 1.2s 

A alMtlar coaoerison between tU experimental data tot TWT «sod 

In this report and Coodsjan'a2 date for SO/SO Pentollte yielded the TNT to Ftn- 

tollte conversion factors listed In Table V. 

Table V 

THT-Fentollte Conversion Factora-Thls Report 

I Conversion sector 

.440 1.20 

.11? 1.0k 

l.M 1.10 
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Table V (Continued) 

2 Converalon fetor 

2.12 1.14 

2.96 1.15 

4.2) 1.18 

j.68 1.21 

11.8 I.08 

21.3 1.07 

47.0 1.24 

Bated on thctc retult*. the correction tacrnr of 1.1 given In reference 1 

appear« to be a reasonable Mv*ra&*  value. 

n 
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7 
V.  PRESENTATION OF SELF-CONSISTENT DATA 

Thi» section present« large scale log*log plots of the self-consistent 

blast data generated by this study for one pound of TNT detonate« In free air. 

Figure 3 presents the shock front values of the various blast parameters 

as functions of scaled distance trow the charge enter. 

Figures 4, 5, and 6 present space-time plots of overpressure, particle 

velocity and density, In that order. 

These figures are to be found at the end of this report. 

Loacnd for Fttures 3. ». 3 and » 

Symbols; 

-*~ ■   side-on overpressure, atnetsnerat 
o 

-*     ■   shock velocity, dlaensionless 
o 
—  ■ particle velocity, dlaenelonless 
o 

-*-1  ■ density, dlaensionless 
0 1/3 Z  - ».«led dlaUMe. ft/lb"' 

-5-t— u.   - scaled tine, s»/lbl/J 

(¥/*) *" 

*■' t.. - scaled positive duration, m»/\b 'J 

(»/?)" 

ft • distance, ft 

U > «eight of TiR, lb 

a • sonic velocity, ft/sec 

ä . «o 
TIT? 

39 



P »    pressure, pst 

P 
P "     o 

14.7 

Subscripts: 

■ ■ shock front 

o ■ ambient atmosphere 

The line labeled interface on Figures 4, 5 and 5 designates the 

boundary separating air fro« explosion gas. 

40 
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VI.    DISCUSSION 

In Clila report, wc have presented a self-consistent set of blast 

wave properties Chat character!« th« parameters associated with detonations of 

TNT explosive.    This »«Inconsistent sat of blast wave propart.it« has b«an 

generated fro« a marriage of the experimental data collected and record««! by 

various experiment»«-! with the theoretical computational technique developed by 

personnel of eh« Alr-üround Explosions Division of the U. S. Naval Ordnance 

Laboratory, White Oak, Silver Spring, Maryland.    The details of this computational 

technique are described In reference SO.    The experimentally determined data 

applied in th« theoretical-experimental comparison study described In this 

report nave been extracted primarily from references 4, 6, 17, 19, 25, 29, and 

30.    Other aoureea of experimental data and other theoretical analyses have 

been reviewed and dlacussed in this report primarily to provide an overall, 

comprehensive «xamlr*tlon of the present atata-of-the-art with respect to blast 

wava characteristic». 

The graphical format used for preaentatlon of the self«consistent sat 

of TUT blast wave properties was chosen primarily to correspond to the format 

applied by latter and gchuman   for a similar presentation of Pentollte properties. 

In addition, the scale ot these graphs has baa« selected to provide three-place 

reading accuracy for the entire acaled distance range covered In these charts. 

During the effort expended In this study that was concerned with 

evaluating the ver<«»«s sources of experimental data, it waa clearly evident 

that th« overpressures and arrival times measured hy different experimenters 

tended to agree quite well.    However, the duration time measurements were quite 

41 
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scattered, even for data extracted fro« • tingle reference. (At noted previously, 

the duration data obtained from reference 30 «Mt the beat of such data found 

during this study), it Is suggested that future experimental blast wave detona- 

tion programs make an attempt to overcome the deficiencies no« associated with 

duration time measurement». Moreover, It is suggested that in future detonation 

tests the measurement of ambient pressure and temperature be emphaalsed at being 

aa Important as the collection of the blast data Itself. Much of the data 

found during this study could not be used due to the complete lack of such 

lnf< rmatlon. 
1 

Ä 

The curves presented In this report are felt to represent the best        -* 

fit of the VOL computational results to the existing experimental data. Aa 

such, these curves can be used to plan future experlsuntal test programs, the 

data from which can then be used to verify the reaulta Illustrated In thlt 

report. As more such data becomes available. It may be evident that the corvee 

presented In this report require adjustment and/or revision. To Insure the 

continuing usefulness of this reeort, It Is augge«ted that the curvee presented 

In this report he upJatsd as required by additional, future data. In addition, 

It la suggested that consideration be given to conducting a program similar to 

the one discussed In this report for Pentollte explosive. Although reference I 

presents similar data tar PentoWte, these data are baaed on a marriage of 

•rode'«3 theoretical calculations for TOT with Goodman's2 experimental data for 

rentollte. Since the theoretical analysis  applied in this report appears to 

agree with experimentel deta better than the theory advanced by grade , and since 
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this analysis could be recomputed for Fantolit« explosive, it would be worthwhile 

2 
to compare Goodman's data to this theoretical approach. Re-evaluation of the 

data presented In reference 1 would; it is believed, : . we some of the incon- 

sistencies apparent In the results of reference 1. In effect, this re-evaluation 

would provide a better basis of comparison of Verteilte and TNT ietonatlona 

than la available at the present time. 
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APPENDIX 

A.  Blast Parameters Based on Sachs' Scaling Laws 

The ratios presented In this section define .he i«ltva..t 

blast wave parameters formulated frost analysis of the general laws of 

similitude originally proposed by Sachs  and experimentally verified by 

varlmiK experimenters (e.g. references 2, 6, 7, 9, 10, It). Since there 

are various references that discuss the details of these scaling analyses, they 

will not he presented In this section. (The interested reader is refered 

In particular to the paper by Sperrassa  (or derivations of the scaled 

blast wave parameters). Rather, this brief section will be limited to 

listing the form of these blast wave parameters as obtained from application 

of the general similitude relationships of SacSs that account for variations 

In amhlrnt pressure, tempersture, and else of charge. 

Tvo1i.il L'nlta Scaled Blast Parameter 

«V./r Scaled Overpressure pal 

1 

i 

LLJL 
(w/?)l/3 ; 

<«/p l/i 

J_a_ 
(W/J) l/T 

■Ax a 
W-r ) ,/J 

Scaled Impulse 

Scaled Distance 

Scaled Shock 
Arrival Time 

Scaled Positive 
Duration Time 

SO 

psl-maec/lb 1/3 

ft/Ik* 

■aee/lW 1/3 

see/lW 
1/3 

I 
! 
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In cht» listing, In addition to the symbol» defined In Table I 

of Section IIA of this report, the following symbols are defined: 

p 
_ i u       Ratio of Ambient pressure 
P  U.7      to that at »eu-level 

_  a       Ratio of ambient sound velocity 
a « Y^ä     t0 th*1 at »•»■l'v«l 

It is to be noted that in both thla listing and in Table X 

of Section 11 A the symbol U is used to denote the "effective free-air 

charge weight," By this is meant that for detonations close to the around, 

the actual weight of the charge 1» to be multiplied by the ground reflection 

factor to account f;>r the enhancement »f the strength of the blast due to 

the presence of a ground (reflection) plane. 

SI 



a,  Ranklnt- - Hugonlot Relationship* 

flit basic relationships among the properties of * blast 

wave are derived i'rom the Ranklne-Hugoitiot conditions based on the con- 

servar. m of „ass, .iwrny, and mraentum at the .»hock front. These condition«, 

together with the equation ai  »täte for air, permit the relationships between 

shock velocity, particle velocity, overpressure, dynamic pressure, and the 

density of the air behind the shoe'' front to be derived. These relationships 

will be presented in this section without derivation, in order to provide 

the reader with expressions relating the various blast wave parameters 

that are applicable for, at least, shock front velocity - to - ambient 

sound speed rar los less than two (overpressures less than, approximately, 4.5 

atmosphere«)*. Fo' those Interested in the derivation and discussion of 

rhese relationships, reference to the tents edited by Classtone  and 

Jit 
authored hy Couran' and Frlcdrleks  should he mad». The following nomenclature 

listing liellne» the symbols used in the equations presented In this section. 

3* 

"I 
•7, 

1 
i 

i; 

a 

a 

^. 

^r 
U 

P 

teitn'.tiun 

ambient sound speed 
(ahead of shock) 

ambient pressure 
(ahead of shock) 

neak tiynamic pressure 

particle velocity 
(behind shock) 

peak o»r,H,-""«nre 

reiiecleil IM. i(»r« <"Mtre 

'.hock  ir.int  velocity 

«lensity behind  .thock 

ambient   density 
(alien.I nf  shock) 

*e* refeieiue 15f..r  tin-  tr;-*vnlijin'."  t-  h»  TP1 '" '  '" «"»•*" '»eeedln« this 
limit. 

52 



$ AIRCRAFT ARMAMENTS,Inc. 

The relevant equations relating these parameter» «r«: 

u = Mi + ^ 
& 

5" *P5 *o 

7s '/>« 
7+ 

^p. 

S3 Tht (allowing curve Hat been #K«acted (re« GUtatoM 

(Figure 3.80> and ia presented In thte report in order to Uluetrate the 

character «»f these equations. 

S3 
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